The surgical treatment of mitral stenosis has created the need for accurate assessment of the morbid anatomy of the diseased valve before operation. Clinical examination of the heart has proved the most reliable means to this end (Baker et al., 1952) (Luisada et al., 1948 (Luisada et al., , 1949 Akman et al., 1950; Davies and Venning, 1952) .
The surgical treatment of mitral stenosis has created the need for accurate assessment of the morbid anatomy of the diseased valve before operation. Clinical examination of the heart has proved the most reliable means to this end (Baker et al., 1952) but it is common experience that significant degrees of mitral regurgitation occasionally defy clinical detection, and for this reason other methods of assessment are being employed. These include fluoroscopic observation of left auricular movement.
The electrokymograph developed by Henny et al. (1947) provides a means of recording the border movements of the cardiac silhouette, allowing their form and timing to be related to the major events of the cardiac cycle. This technique has been extensively used in studying the movement of both normal and diseased hearts (Luisada et al., 1948 (Luisada et al., , 1949 Akman et al., 1950; Davies and Venning, 1952) .
This paper reports a study of left auricular movement by electrokymography in a group of patients with severe mitral valvular disease who were referred for surgical relief and a small series of control subjects. METHODS A standard Sanbom electrokymograph was employed and the output fed into the D.C. amplifier of one channel of a Sanborn poly-viso direct-writing oscillograph. A simultaneous phonocardiogram or electrocardiogram recorded on a second channel of the oscillograph gave the time relationship of the electrokymographic tracing to the cardiac cycle. A screening current of 3 5 to 4 5 mA was used at 70 kVp.
The left auricular electrokymogram was recorded with the patient upright and rotated into the right anterior oblique position. The posterior border of the left auricle was first defined by barium swallow and any movement observed then recorded by suitable placing of the photo-tube slit. The polarity of the instrument was such that increase in the amount of light falling upon the slit caused a downward movement of the tracing. The slit was placed across the posterior border of the auricle at right angles to it so that backward movement of the border produced an upward or positive deflection of the record and forward movement a downward or negative deflection.
DAVISON AND EPPS
The 29 patients with mitral disease were subdivided into three classes according to clinical assessment of the valvular lesion; pure mitral stenosis was thought to be present in 21, predominant mitral stenosis with some incompetence in 6, and pure mitral incompetence in 2. Mitral valvotomy was undertaken in 23-in 17 with pure stenosis and 'in 6 with a combined mitral lesion-and the pre-operative clinical diagnosis was confirmed in every case by digital palpation of the valve.
The 10 subjects without clinical evidence of valvular disease were six normal healthy controls and four patients with auricular fibrillation only.
RESULTS
It was found possible to classify the electrokymographic records of left auricular border movement into four main types: undulatory, ventricular systolic expansion, ventricular systolic retraction, and absence of movement. Table I shows the incidence of these four electrokymographic patterns in relation to the clinical diagnosis. Undulatory Movement of the Auricle. Here the auricular border is in a state of sinuous movement throughout the cardiac cycle. The number, relative amplitude, and timing of the major positive and negative waves varied greatly from case to case, and only one record (Fig. la) resembled the ideal left auricular electrokymogram described by Luisada and Fleischner (1948) . A positive wave of short duration at the commencement of ventricular systole representing a transient backward movement of the auricular border was frequently recorded (Fig. 2 ) but its amplitude and duration in relation to the rest of the tracing did not justify the term ventricular systolic expansion of the auricle.
Undulatory movement was recorded in 10 cases. It was present in four of six normal controls and two of four patients with auricular fibrillation only; four cases of mitral stenosis showed this type of movement and in one of these a significant degree of regurgitation was felt at operation. Typical examples of undulatory auricular movement are shown in Fig. 1 and 2 . Ventricular Systolic Expansion of the Auricle. These records show a single major positive deflection during ventricular systole which represents a sustained backward movement of the auricular border. The form and timing of these electrokymograms reveal that the border moves abruptly backwards at the very onset of ventricular contraction and maintains this position during the ejection phase, returning rapidly to its former position during the earliest phase of ventricular diastole (Fig. 3) . This " plateau " form was observed in approximately two-thirds of the cases showing ventricular systolic expansion of the auricle. In the remainder this basic pattern was modified by a late systolic peak and slurring of the down stroke, indicating a continuation of backward movement during the ejection phase and slower return to the resting position ( Fig. 5a incompetence. Of the 17 patients in whom pure mitral stenosis was confirmed by digital palpation of the valve, 13 showed ventricular systolic expansion of the auricular border before operation. A detailed analysis of these findings is given in Table I . The incidence of " plateau " and " peaked " forms of systolic expansion is shown in Of the 27 cases of pure or predominant mitral stenosis, 15 had sinus rhythm and 12 had auricular fibrillation; 9 of the 15 in sinus rhythm and 10 of the 12 with auricular fibrillation showed ventricular systolic expansion of the auricular border.
Ventricular Systolic Retraction of the Auricle. Three records of auricular border movement showed a single major negative wave representing retraction of the auricle during ventricular systole (Fig. 6) . The pattern resembled a distorted left ventricular electrokymogram and was found in one case of pure mitral stenosis, in one with a combined mitral lesion and predominant stenosis, and in one with auricular fibrillation alone.
Absence of Auricular Movement. In four patients-one normal control, one with auricular fibrillation only, and two with pure mitral stenosis-no movement of the left auricular border could be recorded. 
DISCUSSION
Expansile pulsation of the left auricle during ventricular systole, when observed in the posteroanterior position, is a well recognized and accepted radiological sign of mitral incompetence (Wood, 1950) and the movement is attributed to auricular distension by a regurgitant stream from the left ventricle. The reliability of this sign has been disputed when it is found only on the posterior border of the left auricle (Logan and Turner, 1952) .
The findings reported here demonstrate that ventricular systolic expansion of the posterior border of the left auricle is frequently present in pure mitral stenosis and may be absent when mitral stenosis and incompetence are combined. Therefore, this sign is quite valueless as a means of differentiating between pure stenosis and mixed mitral lesions. Nor does the amplitude of movement prove any help, because systolic expansion of the left auricular border, so great that it was clearly visible on the right heart border in the postero-anterior view, has proved compatible with a diagnosis of pure stenosis, confinned at operation. Luisada and Fleischner (1948) first described the characteristic electrokymographic pattern of this abnormal movement and attributed it to mitral regurgitation, a conclusion clearly untenable on the present findings. Moreover, Wiggers (1949) has shown that mitral incompetence in animals produces a significant increase in left atrial volume which occurs during the ejection phase of ventricular systole and continues during ventricular relaxation. On these findings, an abrupt backward movement of the left auricular border at the very onset of ventricular contraction and its return during ventricular relaxation are not consistent with regurgitant distension of the auricle. However, direct pressure tracings from the left auricle in mitral stenosis not infrequently bear a close resemblance, in both form and timing, to the " plateau " and " late systolic peak " electrokymograms (Fig. 7) , and Lasser et al. (1952) have recorded aesophageal pressure pulse patterns in mitral stenosis that have an identical form. These observations suggest that left auricular border movements may reflect pressure changes within the auricle. Froment et al. (1950) attribute abnormal left auricular movement in mitral stenosis to paradoxical retropulsion of the auriculo-ventricular septum into the left auricle during ventricular systole. Elkins et al. (1952) consider that the type and degree of left auricular movement in these cases is determined by many factors which include the size of the auricle, flexibility of its wall, presence of mural thrombus and auricular fibrillation, rate of filling from pulmonary veins, transmitted thrust from the right auricle in tricuspid incompetence, and systolic contraction of an hypertrophied right ventricle. Correlation between certain clinical, electrocardiographic and physiological findings and the type of auricular movement has been looked for in the patients of this series. The incidence of ventricular systolic expansion was significantly higher when mitral stenosis was complicated by auricular fibrillation, a finding in agreement with others (Elkins et al., 1952) . Transmitted backward thrust of an hypertrophied right ventricle may contribute to backward movement of the left auricle but there was no correlation between ventricular systolic expansion and such signs of right ventricular hypertrophy as prxcordial thrust, the pulmonary arterial pressure, the pulmonary vascular resistance, or the right ventricular predominance in the cardiogram. Nor was the type of auricular movement related to the left auricular pressure as measured by the pulmonary capillary venous pressure, or the left auricular pulse pressure recorded directly at operation. Distensibility of the left auricle and its rate of filling from the pulmonary veins, mobility of the antero-medial cusp of the mitral valve, and bodily movement of the whole heart must all influence the form and degree of left auricular movement. Their several and combined contributions defy assessment.
SUMMARY
Movements of the posterior border of the left auricle have been recorded electrokymographically in the right oblique position in 29 patients with severe mitral disease and 10 control subjects.
Backward movement of the left auricle during ventricular systole was present in 21 of the 29 with mitral disease and in one healthy control. This type of auricular movement was found with equal frequency in patients with pure mitral stenosis and those with mitral stenosis and incompetence. Its incidence was greatest when mitral stenosis and auricular fibrillation were both present. It was unrelated to the degree of right ventricular hypertrophy, to the pulmonary capillary venous pressure, or to the height of the left auricular pulse pressure.
The left auricular electrokymogram proved valueless as a means of differentiating between pure mitral stenosis and mitral stenosis with incompetence.
